Abstract Glioblastoma (GBM) is the most prevalent and aggressive human glial tumour with a median survival of 14-15 months. Temozolomide (TMZ) is the standard chemotherapeutic choice for GBM treatment. Unfortunately, chemoresistence always ensues with concomitant tumour regrowth. Protein kinase CK2 (CK2) contributes to tumour development, proliferation, and suppression of apoptosis in cancer and it is overexpressed in human GBM. Targeting CK2 in GBM treatment may benefit patients. With this translational perspective in mind, we have studied the CK2 expression level by Western blot analysis in a preclinical model of GBM: GL261 cells growing orthotopically in C57BL/6 mice. The expression level of the CK2 catalytic subunit (CK2α) was higher in tumour (about 4-fold) and in contralateral brain parenchyma (more than 2-fold) than in normal brain parenchyma (p < 0.05). In contrast, no significant changes were found in CK2 regulatory subunit (CK2β) expression, suggesting an increased unbalance of CK2α/CK2β in GL261 tumours with respect to normal brain parenchyma, in agreement with a differential role of these two subunits in tumours.
Introduction
Glioblastoma (GBM) is the most prevalent and aggressive glial tumour in humans with a median survival of 14-15 months even when an aggressive treatment is applied (surgical resection, chemotherapy and radiation) [1] . Temozolomide (TMZ) plus radiotherapy is the standard therapeutic choice for GBM treatment and, at present, it is the one producing the best survival rates [2] . Unfortunately, cancer stem cells (CSCs) are known to mediate chemoresistence, indicating that CSCs persist in these tumours even after the standard treatment [3] . Due to its poor outcome and resistance to standard therapy, efficient alternative treatments are urgently needed for these tumours.
The use of animal models in brain tumour research is mandatory in the search for new therapeutic targets due to obvious ethical restrictions related to human patients. The ideal animal model of GBM should reproduce the main characteristics of this neoplasm: characteristic growth pattern, infiltrative, but non-metastatic, tumour growth and poor immunogenicity [4] . However, none of the currently available models is able to mimic all aspects of human high-grade glioma. One of the most investigated murine brain tumour models is GL261 growing into C57BL/6 mice, and it has been used for more than 20 years in different approaches in therapy evaluation studies [5] . Furthermore, non-invasive biomarkers of therapy response have been evaluated in this model [6] .
Protein kinase CK2 is an oncogenic protein kinase which contributes to tumour development, proliferation, and suppression of apoptosis in multiple cancer types [7] . It is composed of two catalytic (α and/or α') and two β regulatory subunits. Protein kinase CK2 is a constitutively active serine-threonine kinase and elevated CK2 expression levels have been demonstrated in several cancer types [8] . It has been also demonstrated that it is overexpressed in mice xenograft models of human GBM [9] where it plays a fundamental role regulating multiple signalling pathways involved in tumour cell survival, proliferation, migration and invasion [10] . These characteristics identify CK2 as an active therapeutic target, and in this sense, targeting CK2 in GBM treatment could benefit patients.
Although some authors have reported higher CK2 expression levels in tumours, in comparison with normal tissue [8, 11] , to our knowledge this has not been studied in the GL261 GBM model. Accordingly, before evaluating CK2 inhibitors [12, 13] for therapy response studies we felt it advisable to assess the CK2 content in GL261 GBM.
Methods

Animal Models
A total of 6 C57BL/6 female wt mice weighting 18 ± 2 g were used for this study. They were obtained from Charles River Laboratories (Charles River Laboratories Internacional, l'Abresle, France) and housed in the animal facility of the Universitat Autònoma de Barcelona. The GL261 mouse glioma cells were obtained from the Tumour Bank Repository of the National Cancer Institute, Frederick, MD, USA, and were cultured as described in [14] . Tumours were induced in 3 C57BL/6 mice by intracranial stereotactic injection of 10 5 GL261 cells in the caudate nucleus, as previously described by us [14] .
Tumour volumes were followed using T 2 -weighted MRI acquisitions (see below and (6)), until the tumour reached the desired size, taking into account previous work from our group, that is 77.3 ± 10.9 mm 3 (15 days after implantation). Both tumour-bearing and control animals were euthanized with an intraperitoneal injection of pentobarbital (200 mg/ kg, 60 mg/ml), their brains were removed and tumour resected (in case of tumour-bearing animals). The brain parenchyma from three wt mice was used as control, while contralateral brain parenchyma was employed to determine the possible effects outside the tumour volume recently described by other authors [15] . The contralateral tissue was obtained after visual inspection of the whole brain and tumour, avoiding as much as possible the tumoral zone. Samples were stored in liquid nitrogen until further processing. All studies were carried out following protocols approved by the local/institutional ethics committee, according to the regional and state legislation (CEEAH 2449 and 1176).
In Vivo MRI Studies
These studies were carried out at the joint NMR facility of the Universitat Autònoma de Barcelona and CIBER-BBN (Cerdanyola del Vallès), unit 25 of NANBIOSIS, using a 7 T horizontal magnet (BioSpec 70/30, Bruker BioSpin, Ettlingen, Germany). T 2 -weighted images (TR/TEeff =4200/ 36 ms) were acquired as in [6] to detect brain tumour evolution and to calculate the abnormal mass volume.
Protein Extraction
Tissue samples were weighted and 250 μl of cold lysis buffer for each 100 mg of tissue was added (cold lysis buffer: 50 mM Tris-HCl pH 7.7, 150 mM NaCl, 15 mM MgCl 2 , 0.4 mM EDTA, 0.5 mM DTT, 100 μg/mL Leupeptin, 100 μg/mL Aprotinin, 10 mM Benzamidin, 2 mM phenylmethylsulfonyl fluoride). Samples were homogenized with a Sonics sonicator (Vibra-cell, Newtown, USA) 10 times for 10-s intervals, and after, 0.5 % Triton-X-100 was added. After remaining 15 min on ice, the lysate was centrifuged at 13,000 × g for 20 min at 4°C. Supernatants were used for Western blot analysis.
Western blot Analysis
The differential expression of protein CK2α and CK2β in mice brain was assessed for control brain parenchyma, GL261 tumour and contralateral brain parenchyma (non tumoral). The protein content of tissue extracts was quantified with the Bradford assay [16] . For Western blot analysis, 50 μg of total protein were separated by 12 % Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) and transferred onto Polyvinylidene fluoride (PVDF) membranes by electroblotting. The membranes were then blocked in 5 % milk powder in 0.02 % Tween Phosphate buffered saline (T-PBS) for 1 h and washed three times for 10 min with T-PBS. Membranes were incubated with antibodies against CK2α (CK2α (sc-6479 C-18), 42 kD, 1:300, Santacruz, Texas USA) or CK2β (CK2β EP1995Y, 24-25kD, 1:200, Merck Millipore, Darmstadt, Germany), and tubulin was used as a loading control (β-tubulin, 55 kD, 1:1000, Cell signalling technology (Danvers, Massachusetts,USA)) overnight at 4°C. Next day, three T-PBS washing steps were carried out and incubation with the secondary antibodies took place during 1 h (antigoat for CK2α and anti-rabbit for CK2β and tubulin, 1:5000, Biorad, Hercules, California) and washing steps with T-PBS were repeated. The specific antibody binding was detected with the enhanced chemiluminiscense technique with Lumi-Light Western blotting substrate (Roche, Basel, Germany). Western blot films were scanned and quantified with the ImageJ software (National Institutes of Health, USA, http://imagej.nih.gov/ij/) and data obtained was normalized to tubulin.
Statistical Analysis
Normality was first inspected in each group by the Kolmogorov-Smirnov test and variance homogeneity assessed with the Levene's test. A two-tailed Student's t-test for independent measurements was used for comparisons when data followed a normal Gaussian distribution. If data presented a non-normal distribution, Mann-Whitney U test was used for comparisons. The significance level for all tests was p < 0.05.
Results and Discussion
The expression level of CK2 catalytic subunit alpha (CK2α) was about four-fold higher in tumour and more than two-fold higher in contralateral brain parenchyma than in normal brain parenchyma ( Fig. 1 and Table 1 ). On the other hand, no significant changes were detected in the expression of the CK2 regulatory subunit (CK2β), as shown in Fig. 1 , for selected samples, and quantitatively summarized in Table 1 . Furthermore, the here named "unbalancedness" ratio CK2α/CK2β, significantly increased more than three-fold in tumours with respect to normal brain parenchyma. It has been consistently reported by other authors that high levels of CK2α are expressed in solid human tumours [8] , for example in colorectal carcinomas and breast carcinomas [11] . Our results in preclinical GL261 GBM agree with [11] , in the fact that we found higher expression levels of CK2α in tumour, in comparison with the normal brain parenchyma. In our study, the Tumour/Normal brain parenchima ratio of CK2α normalized expression values was of 3.88 (Table 1) . For CK2β, a non significant increased expression was detected for the Tumour/Normal brain parenchyma ratio (1.13).
A somewhat unexpected result found in our study was the significantly higher CK2α expression level detected in the contralateral non-affected brain parenchyma, which has not been described in the literature as far as we are aware. In this respect, Figs. 1A and 1B show a significantly higher CK2α expression in contralateral tissue in comparison with the normal brain parenchyma, although this expression is clearly lower than the expression found in tumours (Table 1 ). This could be partially explained due to the well known infiltration pattern of the GBM, invading adjacent non-tumoral tissue and even producing a precancerous stage in apparently uninvolved parenchyma [15] . In this respect, Lama and collaborators [17] also described an increased ERK1/2 expression in GBM peritumoral tissue from patients. Taking into account that ERK1/2 seems to be activated for translocation to the nucleus by CK2 phosphorylation [18] our results on the increased CK2 content in the contralateral/peritumoral area would agree with those reports and reinforce the idea of a "precancerous stage" away from the tumour mass, also for the CK2 content.
Regarding the different CK2 subunits evaluated (CK2α and CK2β), our results suggest that an unbalanced expression is taking place in the GL261 GBM (see Figs. 1A, 1B and Table 1) , with a predominance of an overexpression of CK2α in the studied tumours. This imbalance of CK2 subunits was also seen in [18] , being produced in this case by a relative decrease in the CK2β regulatory subunit in biopsies of human breast cancer tumours having suffered epithelial-to-mesenchymal transition, a sign of increased aggressivity.
Accordingly, the high expression levels observed for CK2α in GBM, in comparison with normal brain parenchyma, reinforces the potential of CK2α as a valid therapeutic target [19, 20] to investigate in GL261 GBM. In this sense, recent studies have reported that promiscuous CK2 inhibitors such as apigenin have shown relevant effects in the growth inhibition of established human GBM cultured cells lines [9] . Additionally, a more specific CK2 inhibitor, CX-4945, has been reported as the first CK2 inhibitor to reach clinical stage testing for the treatment of multiple types of cancer [13, 20] . Moreover, there are other promising CK2 inhibitors in development, such as tetra-bromo-deoxyribofuranosylbenzimidazole (TDB) which is a dual inhibitor of CK2 and Proviral Integration of Moloney virus (PIM-1) [12] .
Finally, the preclinical GL261 mice GBM model has been widely used for molecular imaging studies and to evaluate TMZ therapy response. Accordingly, the results here described warrant further work with CK2α inhibition in this GBM model as standalone or combination therapeutic strategies.
Conclusions
The expression level of the CK2 catalytic subunit (CK2α) was found higher in GL261 GBM tumour (about 4-fold) and in contralateral brain parenchyma (more than 2-fold) than in normal brain parenchyma (p < 0.05). In contrast, no significant changes were found in the CK2 regulatory subunit (CK2β) expression, suggesting a predominance of CK2α overexpression in the evaluated tumours and possibly pointing to a differential role for the two subunit types in GBM tumour development in our investigated model. This should also be taken into account in future studies with preclinical GBM and therapeutic CK2 targeting.
